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Goal ac a future source for our motor fuel is « poo= 
sibilitys In thie country we have en abundant supply of 
crude ofl at the present time and we een not seo ony im 
mediate exheustion of this supply» 90 we have not in this 
country done sue vori on seouring moter fuel from coals 
#o hove, thoughy in this country such an abundant evetlable 7 
coal ewoly thet 4¢ aay Ye gonsidered ao « future eowee of 
motor olle. hes. ae 

th to date most ff tt wav on Mptregenation of Goal 
‘ge been done in Burepes The reason for this te that Bue 
rope docs not heve an abundant supply of erule ofl, ani 
therefore thoy have beom ogling to other eourees for their 
future moter fuelse The countries of Burope whieh have | 
ee 
ant Italy. 

Sey Fotetrieh: Revgtes of Gomeny: She Deen SeetinE ae 
the transforsation of coal inte of] by means of hydrogen 
since 1913. A plant vas ballt in 1996 for the application 
of his process at Murmhein Kheimy Geranay, and it is ru 
ning om e@ commercial basing Dry Prans Pisher in Germany 
ani General Paterd and Mi, audibort in Prence heave corried 
on considerable research on synthesis of moter fucles Je 


Line. 

4 etaty of the NMMAiabion of oak Is peectsealay « | 
otuly of tho vort: that has beon dono by Dr. Borgiuss Three 
different lines of worl, @iffering in principle, have been 
followed in solving the problem of obteining « substitute 
for natural ofl from coale 

tho oldest te ealled lov tenperature Gietilietion, 
This process no doubt will play an inportent role in malting 
@ special kind of coe and recovering a cortein amount of 
low temporature tare in this process of2 would Just be a 
vyeproduct. 

fhe second principle is the synthetic manufacture of | 
Olle from coal products, The basis of chemical ofl sy 
thesie ie the building up of -hy@rocarbens fron their chem 
tee clemonte. A direct synthesia of hydrocerbone from 
carbon and hydrogen is possible but of no interest from the 
Andustrial stand points | oo 

che third principle ie the direct liquefaction of coal 
by meone of hydrogonations In 1915 in Hamovor, Germeny, 
the direct eddition of hydrogen to coal wes first carried 
out by Dre Bergius, They celied this process the coel 
Miquefection process, Invention of cosleliquefaction was — 
not accidental, but was the result of e long study of the 
chemienl neture of coal, It woo found that by using high 


tecporavure end presoure the lyxinoyen could be ude to 
wiite with coal cithout the eddition of satelystse 

Great alfficulties e208e eo soon es larcor quentities 
wore used for tho rosetions | “A solid hyéregen of] material 
vas no Longer produced, bat tnateed a cokey sabstances The 
" Poason for tate was found to Me in the fect thet the hy- 
drogenation reaction produced « Lengo enount of heat, whieh 
could be led off only with difficulty fron the system of 
@iees and solid materials ‘Thip new difficulty fron the 
gases was overcome by casrying out the rosction in the 
peesence of « Lquid mo@iua euch es eonl ofl, y@rogent= — 
tion bogan at roletivaly low temporaturos, it is treated 
7 for @ few hours at 300% S80" ¢ and then the temperature van 
 Raghors Ghe product beeene Liquid at 420° Gs Therefore 
the coal Maquefaction process really consists of two Glf~ | 
ferent processon, the first, hydrogen addition, the seccmil, 
the splitting up of large molecules into smellor ones while 
nett hy@regen is being added, The higher the temperature, 
tho nore the lerger moleeulos are broken up into smaller 
ONCSs 

fypicel representatives of the aliphatic, sromatic, 
ex] hydroesromatic sories ere found in the coal liquefece 
tion produsts, except the unsaturated compounds which can 
not be formed in tho presence of high pressure hydrogen, _ 
Besides those chemical compounds those of phenolic char 


1 SRS 


Aleoct ali lignites nev a ies poaction velocity 
em liquity sore soupletely then bituninoute 
he economies of the precose te ef course very im 


portant, | che consmptiion of raw materiel end enorgyy wegoe 


end doprocietion, ema cost on the onc hend, end the value 
of tie fintshed prodvst on the other, ere factors to be 
cons iderod. Rav meteriale ere esi or lignite and hydro 
PN. The coct of the conl on Ignite ts gall, The proe 


cuotion of hydrogen Se the fundementel point in tuo ecemany ae 


of the provestie If conleliquefaction had to depend on tho 
usvel hydrogemmanafecturing processes for ite supply, 2% 


would be Giffieult to make of in competition with the mat= 


wel products iydrogenation Goos not Peqaire a puro hyGroe 


gong therefore, it cen use hydrogon secured by a aifforent fd 


precens. It consists in heating the gaseous resection pre~ 
duets in the presence of steam, vhereby the needed hydrogen 
tg regenoratod. 

"he most important processes of producing o11 fran 
coal are in the hands of the Gorman Chemical Trust, the dy 
Ge Farbonindustrie, and of tho Ruhr Coal Syndicate, They 
have letely preven to be oconcuticel., 

She oily parte vhich ere won by the Bergius process 


must be Gistilled carefully by methods which ere similer to | : 


those used in the ofl induetry in order to get mariet re= 


sulte, For heating end power genoreting puryosca, to hold 
up the process of hydrogenating one ton of corel, 800 pounts — 
of conls arc required, ‘Therefore altogether 2800 Iba. of 
coal are necessery to produce about 1000 Ibe. of valuable 
o42 and some ammonias tase Figures apply to con} of good 
gualitye 

A plant which produces 80,000 tone of artafietal cool 
oll per year will cost about $8,000,000, ‘The cost of pro- 
dueing this ofl is figuring in the prices of coal, power, 
@opreciction of plant, Isbor on the 1927 market. Piguring 
what the product was vorth on the 1927 German market the 
price of off could slump 60-70% without the economy of this 
procese being endangered, The prices of o11 in Germany are 
more steble than in our country because they do not have 
the greet producing of1 flelds being brought in, euch as 
the Kast Texes field, 

Lately experiments have deon conducted with the action 
of catelyets upon hydrogenation of coals with the view of 
vodueing the reaction time, Lowering the optimum tempera= 
ture, and decreasing the pressure of Hg_ ‘The rate of hy- 
Gpogemation is not only increased by true hydrogenating 
catalysts auch as nickel, cobalt, otes, but slso by those 
whieh are used for eraciting the heavier ofls such as AlGlss 
POCLs, aml GNCige Hytrogenating catalysts accelorate the 
decomposition of orgenic molecules at a high temperatures, — 


while the cracking catalysts favor the hydrogenation of 
sromatie compounis, provided the optimum temperature is not 
excoodode 

HiGl, is best fitted for hydrogenating most lignites. 
CuCl is less influential than BiGlg_ ‘The absorption of Hp 
is lower, the quality of the of] 1s poorer, more craciting 
oceurse ZnO+KOH mixture is inferior to Cull but is better 
than Pep0g used alones GaGl, has mo effect upon the hydro- 
gonation of coal, ‘The best ovtalysts have been found to be 
POglz» WClg» Wy MIGLge Hl0, CoClys Cull, Those cata- 
lyste do not allow the temperature or pressure to be lowore 
od without affecting the yield of products but influcnce 
(1) the intensity of the reaction (2) rate of decomposition 
of the coel mole and (5} rate of hy@rogenation only second- 
Lye All these experiments were made without a previous ade 
@ition of colle. Ofls hasten and favor hydrogenation and 
increase the yield of gasoline, 

There has been lately rosearch carried on in this 
country on the Rydrogenation of olle. This has been car 
ried on by the Standard 011 Company and aleo Dy the Sine 
eleir 021 Company in Bast Chicago. 

My wor in undertaling the Hydrogenation of Kansas 
Coals was to enalyso the Kancas coal available, to investi-~ 
gate the theory and mechanics of the liquefaction of the 
coal, and to compare the Kansan coals to those of Europe 


Te 


by experiuen- 
vinie for hydregemabians ‘ soe 
bys) a 
work 
tel 


The Stratigraphy of the Kansas coal measures may be 
Aivided into two parte with many sub-parts under part two. 
1. Missiesippian or Subcerboniferouss 
This layer only covers about forty-five square 
miles in the southeast corner of the states 
Be The Coal Measurces 
& Cherokee Shales. 


This covers a lerge erea of Kansas, It is 
found in Cherokee, Crawford, Labotte, and « 
pert of Bourbon counties. This shale is 
lkmown to oxist in counties farther west be+ 
cause it hee been found on the bite of of1 
Grilling outfite, This coal is a good bie 
tuminous coal, 

Labette Shelese 

Between the Labotte end Cherokee shales there 
is a layer of limestones. ‘The Labette shale is 
ebove the Cherokes shale, This layer fur 
mishes practically no coal, 

Pleasanton Shales. 


fe 


On top of the Labette shales is a leyor of 
limestone (Pawnee) and then on top of this 
but the upper shales do not. 

Thayer Shales. 

Above the Pleasanton shales there are the Brie 
limestone and then directly above this is the 
Thayer shales, This yields quite a bit of 
coal. 

Lane Shales. 

Above the Thayor shales, Thoy earry practi- 
eally no coal, 

These cerry a fairly good coal, Mines are in 
Pranilin and Douglas counties. 

Lecompton Shalese — 

Practically no coal, 

Severy shales, 

Ho coal. 

Osage Shalese : 

A fairly good coal shale, Sines located 
eroumd Osage City and Burlingame, 


Host of the marketable cos] in Kansas comes from the 
Cherokee shales, It is the best coal although it is found 


at the grestest depth of any of the Kensas coalea. Tho coal 
that was used in hydrogenation eamo from the Cherokee 

but the mines in those shales only furnish locel mariete, 
There are practically no coal in the Labette, Lene, or 
Severy shales, ‘hese shales vary in width from 25 foot to 
800 fect. 


PROXIWATE ANALYSIS OF KANSAS GOALS 


oes nS coal, 


Technical 
Bureau of Minos. 
Mines Hoisture Volatile Fixed Ash Sulfur 
% Rattor 
Atchison 
Gherottes 7,0 38—4 4265 1361 Be6 
Cherokee County det 3207 SS09 Set Sel 
Carbon Hoset & 5S Ged 32.5 S5el 1264 Sel 
2_9 54_6 56065 89 Se? 
Do (Cherokee Gos) Se7 3509 S6el G0 Sef 
9 2.5 3407 S205 5-8 
No.2 3-6 5409 S504 Ile? Se6 
Do (South Bnd) 2_5 36—3 B5e4 G63 Sel 
Hamilton No. 9 3e2 BSe4% 51.8 2e7 
id, 10 5eO Stee 5le9 25.7 465 
~ 451 SSeS SleS 1594 4e8 
Cherokee Pitte- 

“My NO. 5e8 B02 1445 Set 
Lone 3eS S7e4 55.0 TS 3e6 
Western No. 11 402 SBe6 40c7 1657 Ge5 
Carr 8.8 5%0 4365 17%—7 Sel 
Do (Leaven- 

worth Co.) 9e4 40.8 44,2 15,0 5e0 
Pleasanton (State 
line) 7.7 34,0 4508 20.2 Sed 


FORMATION OF COAL 
Reference: Coals 2, Se Moore and Geology- 


It 49 almost universally agreed that el2 the varieties 
contend that the coal beds are where the vegetation grew 
and fell, Other geclogists contend that it acownleated as 
a Pesult of the trenaportation of the vegetable matter by 
waters The purity of the coal seems to prove thet the vege 
evempe or in boggy lend, ‘The water which would cover the 
vogetation when it fell preserved it and kept it from dow 
ceaying as it doce on lend, 

In air the carbon and hydrogen of the wood unite with 
oxygen of the air, forming carbon dioxide and water, Under 
water the atmospheric oxygen is excluded and the elements 
of the wood are thought to unite with one another to ea 
larger extent. ‘This produces marsh gas (GHg) as en ox 
ample, If carbon dioxide is also formed, and it is thought 
thet it is, the oxygen is exhausted twice as fast as the | 
carbon, end the result is a larger emount of carbon remain- 
inge For example-- Cellulose (CyoMyo 99) and peat 
(Cgolhyo0o4) and dituminous coal (Co,Ho_05)e This shows how 


In 1915 in Hanover, Germany, the first direct addition 
of Hydrogen to coal was carried out by Drs Borgius. In 
these first oxperiments a “sokey substance" was formed. 
Thie aifficulty wee overcome by carrying out the reaction 
an the presence of @ liquid medium (coal oll), They found 
that if too high temperatures were reached the substances 
eoked regardless of the "coal o11", 

According to Dre Borgius, in his paper read before the 
International Conference on Bituminous Coal, Carnegie In- 
atitute of Technology, Pitteburgh, Pennsylvanie, hy@rogena- 
tion of coal begins at relatively low temperatures, Treate 
od for a few hours at S006350° GC, the product is etill sol- 
id, but it is transformed into a sort of pitch with a high 
molting points; this will become liquid if treatment is con- 
timed at a temperature of 4209 C, The pressure should 
range from about 150 atmospheres to about 200 atmospheres 
or a pressure of from 2200 to S000 pounds per squaro inchs 

be, Bergius stated that no special coals ere required, 
All coals can be hydrogenated except eanthracites. Lignites 
as well as bitusinous can be hydrogenated. 

Mechanteal equipment was quite e problem Methods had 
te be developed for carrying thru the coal liquefaction in 


run thru 60 mesh sieves, The coal ves then added to heavy 
oil of @ previous run ond made inte e pesty mss, This was 
then run inte the reaction vessel. Hydrogen was also pump 


- g@@ inte the reaction vessel and the contente stirred with a 


stirring rod, The reaction vessel was heated from the in- 
side. The voonel had to be heated from the inside becouse 
it would not held the preseure if the vessel was heated up 
es hot es it would have to be on the outeide to got the ree 
quired heat on the inside. In this process catalysts may 
or may not be used, If they are used it is te teke out the 
sulfur or other impurities, The motel oxides from the 

fourth to eighth groups ere usually used for catalyste. 


semple yields of the Borgius Process. 


References Automotive Industries for 
Noveribor 25, 1926, page 66— 


(1) Basis: 1000 pounds of coal liquified umier 
pressure 


200 pounds of middle frsection products 
150 pounds of marketable gasoline | 


Residues 
60 pounds of lubricating o11 


80 pounds of fuel oil 
(2) Beste: 1 short ton of coal 
443 kilograms of of2 
5 kilogrens of amsonia 
220 kilograms of gas 
S00 Risagene SE Pete Hee 


G0 kilograms of ofl 
240 kilograms of coke 
25 kilograms of gas 


27, 


1 2 9 td 1 | 
[—_———"¥elatile iyirocarbons SSCS 
! Pee 2." OSPR: Aiyty yyy 

RBACTIONS 


1, Adsorption of hydrogen 


Unsaturated=iiydrocerbombliydrogen —> 
High Holeculer ‘eight Holeculos 


- Be Bliminetion of impurities with iron 
Se Pormation of low boiling hydrocarbon 
Liquid Phase+iiydrogen —> Volatile Hydrocarbons 


{1} Kansas Cosle« 


an ordinary grade of Kansse coal was used 
for this works The coal was crushed to 


(2) Hydrogen Gas-- 
The hydrogen used wes the hydrogen which 
was obtained from the Kansas City Oxygen 
Goes Kamaes City, Ho. The hydrogen wes 
obtained in stool druns. 

(3) quid Media Used~- 
In part of the tests a liquid media was 
used. “hon 4 media was used it vas to 
prevent over-heating. Two different 
medias were used: 


tb} test b oc "ivbrtoating of 
nl ol 


(4) Catalyste-- 
festo vere made both with end without 
eatalyste. hen catalysts wore used such 
catalysts as tron oxide, nickel chlorides 


HYDROGENATION soe anaes USED Ih TRE LABORATORY | 


hte nppaintus ity: bh AiMliied tate. stiiee eleniees 
Apparatus used in preparing of coal sample and — 4 


(2) 


(2) 
(3) 


charging the bambs 
Ryd@rogenation epparatus. : 
Apperatus use@ in testing the produste. 


Preparation of coal samples 


(a) 


(>) 


ie) 


(2) 


{e) 


Crushing apparatus consisted of the Brew 


 ~Pulverisoz, 


Sereening apperatus consisted of the Tyler 
Standard Sleves 20, 40, 6O mesh screens, 

In the prepering of the coal charge a platform 
acale was used in weighing out the toal and the 
amount of Liquid media wanted 4f any wes uscd 
and then they were mized in a pan, 

In charging the boub vith the Coal the coal wes 
poured into the bomb by hand, 


shake toc aati es | 


Sxtea strong wrought steel pipe threaded with 


3/8" pipe threads was used, One end of the pipe 


was screwed inte the valve on the bomb and the 
other end screwed into the hydrogen tank by 
moans of « reducing coupling 1/2" to 3/8". 


(a) 


{b) 


{e) 


(a) 


{oe} 


agitation machinery. (Figure I). 
It consists of a motor driven eccentric on shaft 
and a jig end cradle support with center bearing 
Poll and bomb supports and clampa,. It was drive 
en by a 220 volt-1725 mpm ds Cy motor with a 
belt drivo. | 
Two "4224um" steel borbs 12)” long and 6° in die 
emoter. The bombs had an internal erea of 251 
cubie tnehes or approximately one gallon, They 
weigh S90} alone and 59 pounds when assembled, 
The bomb fittings consisted of two nipplee con 
sisting of extra strong wrought steel pipe 3" 
longe Ono pipe lead to the gauge and the other 
to the valve. 
Gontrol units highepresaure fittings 
(1) Edward 3/8" threading high-pressure valves- 
YStylee Lator needle valves were used, 
(2) $000 pounds per square inch eapacity prea 
SUPE GAUgESs . 
Heater units: Typo ¥ 1083 Gs» Ey Helicoil strip 
Heaters, 230 volts end 250 watte rating. Four 
strip heaters 12" long and 1)" wide, Asbestos 
wae used for insulation around the strip heaters 
end a metal case around this about 14)" in die 


(2) 1 procter vas wet to recnt the tenets 


) sa Ee Ss me pe 


(2) 


(3) 


It consisted oft 

(1) Platimas Pyroneter 202075 (Bonb I) 

(2) Platiman Pyrometer 202074 (Bomb Ii) 

(3) 10 point rotary sxiten > 

(4) L & BN resistance thermometer indicator+ 
galvonometor, 

(5) Two resistance blocks 

(6) Wiring contacts , 

Thermocouple pyrometer by the Brown Instrue | 

ment Company 


Checking instrument was a 400° C thermometer, 


ges 6 tt ee ee ee 
monte) 


: of: 
Testing Equipment consisted 
Crucibles, tongs, burners, ete. for determining 
the "rroximate Analysis of Goal". 
Gas holding and testing apparatus. : 
Metilling apperatus consisted of distilling 
Apparatus te test the specific grevity of pro} 
 @uet such as balances, hyfrometers, ete. 


{a) 


(b) 
(ec) 


(a) 


24, 


Figure 1, Agitation Machinery, 


Figure 26e 


Pyrometer 


Dqudipnent’. 


250 


PRELIMINARY EXPERIMENTS 


ém initial test was made on the hydrogenation appare~- 
tus to test the heater unite. This experiment was carried 
out by steam expansion, 

About 3 gallon of water was placed in bomb 1, 4 stean 
resistant gasket was used with the plug to prevent leakage. 
The donb was fixed as it would be for a hydrogenation test, 
and a thermocouple was used to record the temperature. 
then the temperature was up around 400° P, the gasket leake 


TEST eaH DIFVERSET GASKETS 


le eee eae ae as ee mt 

In charging the bombs for the test there was approxie 
mately one pound of coal mixed with enough road o11 to make 
@ paste, Thie amount was placed in each bomb. Hydrogen - 
was then run inte the coal bomb to the desired starting 
pressurce 

The starting temperature was 28° C, and the barometric 


3120 28° GC, 830 feq™ 3920 28° GC. 520; 
4100 age 625 4300 52° . 610 
4:25 94° 670 4326 116° 720 
4:45 139° 670 4345 150° 739 
5:00 143° 620 5:00 ise? 375 
5:15 146° 540 6115 is9° 250 
5350 142° 490 8:50 1se® 150 


The temperature rise wes about one degree per minutes 
Bom) I started to leak at about 4:45 otelock when it had 
ettained a pressure of 670 pounds and a temperature of 
139° 6, Bomb II started to leak at about five otelock 
when it hed ettained « pressure of 750 pounds and e tex 


perature of 150° Ce 

- he leakage wae caused because the gaskets did not fit 
ment mixture would have held moro pressure at a lower tem 
perature. 


te oe 


BomB I SOMB Ii 

Time Temperature Pressure Temperature Pressure 
9240 Alle 30% 460 faqe” 30% 690 
10:10 68 . 400 a 750 
10:20 eS &0 7S 840 
10:25 225 490 121 920 
10330 163 = 480 160 . 2020 
10240 2900 480 190 1100 
10145 220 44440 230 1240 
10350 26 86430 251 21130 
11:00 259 486420 271 1110 
11:20 279 48=—- 400 287 1000 
11:15 295 375 305 700 
12:00 259 200 270 150 
5:30 Pelle 62 .?) 64 


Bomb I started to leek when it had only reached a 


temperature of 83° and a pressure of 510 pounds. 
Boub II did not stert to leak till it had reached a . 


teaporature of 250° ant @ presoure of 1140 Ibo. This bomb 
locked at several placess ‘It leaked at the pipe fittings 
and out of the gasket. ‘The gasket leaked boceusc of im 
proper seating and the melting of the cement, 


Se Copper and rolled tin gasket vith 


In the tests with both bomb I an@ II the valves leaked 
and so no tests wore made, ‘Tho valves were rosented and a 
leaked, so they wore teken to the shops to be ground, ani 
later they wore placed on the bomb and tried again. Thia 
time they leaked more than before, so it was decided to 
further toste. 


CONCLUSION OF GauKET TE9Ts 


od, It was not possible to find e gosket that would hold, 
It was desirable to find a gasket which was inmpermesble to 
hydrogen which would not molt at 450° G, end which could 
be rolled perfectly smooth an¢d fit perfectly tight. Sost 
of tho metals that wore used for gaskets would not stand 
the heet. lLesd and tin worked ac long as the boub was 
cold, but they would not stand the inereased heat. Copper 
would stand the heat, but it would not fit perfect enoughe 
The gasket cements that vere used would not stand the heet 
without meltings 

‘After onch test that was made the gas in the bomb wac 
collected, and it was found to burn with a blue hot flame, 
vhen tested with baritun hydroxide they gave evidence of 
carbon dioxide, These gases also emslied of hydregen sul- 
fide. 

then the inside of the bombs were opened, they were 
foumt to consist of a top layer of ecole and a lower layor 
of oily coal residue. In the tests where this was found 
the raw products wore coal mixed with road of1, The dombe 
were cleaned out by breaking the tep coley layer with a 
eteel drill and then washing the bottom layer out vith 


was rebuilt to cut dow the speed and to do away with math 
of the vibretions 


GSST BADE WETH PIPh APPARATUS 


This apparatus ein of: 


ber 


Oe 


tf. 


Ge 
Ke 


10 toot engin of 2/2" exten etoong erought Stoo 
pipe. 

$000° por sq. inch pressure gauge put on one ond 
of pipe. 

Beedle valve with pipe fitting to fit hydrogen 
tank on other ond of pipts 


Ring standa and elemps to hold the pipe ono foot 


ehove the top of the desk. “a 
nisa ule dealt Beicinn at stilt aie ‘é 
tech te serve nee gre beaten, The piso wes 
attached to the ges anf compressed air lines with 
rubber tubing 

Glempe to hold the heaters two inches below the 
steel pipe. 
Thermocouple for taking temperatures 
Laboratory apparatus used for the other tests. 


Tost Ho. i: 


fen graeme of dry coal was placed in the pipes Rydroe | 


gon run in to a pressure of 990 pounds per eqe inch. In 
thirty minutes the pressure was 1450 Ibe, At the ond of 
one hour the pressure hed risen to 1750 pounds vhere it 
remained two hours, At the end of two hours the heat was 


removed, This was allowed to set overnight, and the next 


The gas in the pipe wes collected over water, It bum 


ed with e hot blue fleme, It left a slight sew: on the wae 
ter. ‘The coal in the pipe had eoked to a certain extent, 
otherwise no change in it was noted, 

Test No. 2s 

The pipe was recharged with dry cos] and hydrogen was 
run in to a pressure of 1045 pountis, Heat was applied to 
thia, emi after one hour of heating the pressure ranged 
from 2100 pounds to 2200 pounds for an hour and forty-five 
minutes, The temperature was tested by the thermocouple 
emi found to be from 400%425° G, The gas was them turned 
off and the pipe cocled down to room temperature, and the 
pressure then registered 760 pounds. ‘The gas which vas 
eollected smelled of benzene and burned with a blue het 
fleme., The coal in the pipe was coxed considerably, 
fest Hos 3: 

The pipe was recharged with dry coal, and nickel chloe 
wide and iron oxide were aided to act as catelyste., The 
pipe was charged with hydrogen to « pressure of 1230 pounta, 
eet was applied, ani the temperature registered 400° and 
the pressure 2600 pounds. ‘The pressure stayed at 2600 
pounds for a time and then fell back to about 2220 pouwnila. 
It stayed at this pressure for a tints Sore heat was ape 


for a while; then the pipe broke at the seam, and the gas 
which came out turned with a very diue flame, 

Test Ho. 45 ) 
The pipe broke ebout two fect from the end, so the 
broken end was sawed off ami the pipe set up for another 
teste Thule time the coal was made into « paste with a lite 
tle waste lubricating ofl. Wickel chloride and tron oxide 
wore added to set as catalysts, It was charged with hydro- 
gen to a pressure of 1420 pounds at room temperature, It 
wes heated to a temperature of about 325° ¢ and hed e pres. 
eure of 2400 pounds, ‘This was run till the pressure het 

falion back to 2200 pounds, which took about one hours 
More heat wae added, and the prossure was kept from 28800 
pounds to 2400 pounds for two hours longer, ‘The pipe was 
allowed to cool to room temperature, and the prossure was 
890 pounds. The gas amelied of phenol and coal tar pro~ 
@uets, Thore was a dark liquid on the water over which we 
collected the gas. The residue in the pipe seemed to bo 
unchanged, There was not any coking tendency on part of 
the residue. 
Test Ho, S: 

Coal sample as in test No. 4 was used except that in 
this test sine dust, tron oxide, antimony metal, and copper 


oxide wore wed ce catalysts ‘Rydrogen ves run in to a. 

pressure of 1400 pounds, | “The pipe was heated and held the 
pressure at 2200 pounds to 2400 pounds with temperature of 
500%4009 © for five hoursy The heat was removed, and when 
the pipe returned to room temperature the pressure was 625 


Odor» 


The pipe was heated to a temperature of 350° ¢ and a pres» 


The pipe was recharged with hydrogen to 1155 pounds. — 


sure of 2200 for one and a half hours. ‘The pipe broke, end 


the escaping gas burned with ea very blue flame. 
Test Hos. 6: 
Broken part of pipe was out off, emi the pipe was ree 


charged as before. ‘The pipe had been weakened so much from P 


previous trials thet it brole readily agains 


coMcLustow OF PIPR TEsTs 


che Grenbacks to the pipe tests wore that tho semple 
ened unc Cary tin3h aad Uh wan Deve be git the pipe agitate a 
4, A ton grom sample of cool wae about all that could be 
used, ond it was Gifficult ond alwost impossible to got it 
spread out in the pipes It was also rather herd to get the 
exact temperatures : 

fhe advantages of these tests were that the desired — 
pressures and temperatures were reached end could be held 
there for severel hours, A temperature of 4009500" ¢ wan ‘ 
ovotained and a pressure of from 22800 pounds to 2600 pountiae. 

In these tests the gas contained « bensene geo, end Ale 
the residue at tines conteined sone coe] tar orivativesy 
pipe was pated to hold 14,000 pounds at room temperatures 
ith increased temperature the tensil strength increased to 
ebout 600° F, ané from there on up the tonsil strength fell 
off considerably, At S00° ¢ the pipe was rated te hold 
ebout 2800 pounds, Tho pipe always broke at the seam. Bue 
tra strong seamless steol pipe could be made to work suse 
cessfully. 


te sane spparaten eas used an these teste thet ves 


used in the earlior bomb tests except that the ides used in 


‘@losing the opening in ‘the daub was aifferent. 


In bond I (Figure 3) a six inch length of extra strong : 


wrought steel 13" pipe was screwed into the bonb and then 


welded around the threads. On the wper onda flat steeh  — 


@isc 4° in Giencter was welded. It had an opening in the 
center the same size es the pipes another disc 4" in aie 


emotor was made to fit the other diss, This disc was solid 


ana held down on to the other aise by « Clemp which exerted = 


ite force on the center of the tep disc. Three types of 
gaskets wore used: (1) rolled copper, (2) asbestos, (3) 
combination lead and asbestos, 

This idea aid not work successfully because the clamp 


et 
aaa 
a 


holding the top disc onte the bottom dise exerted its fores. 


in the center of it and sprung the outer edge of the dise 
upward, Further tests were prevented on this bomb because 
it hed a crack in it. 

In bomb II (Figure 4) an eight inch length of extra 
strong wrought steel 13" pipe waa screwed and welded in the 


bomb, On the top end of the pipe threeds were machined ons 1 


A steel serew cap wes made by the Shops Depertment to fit 


3M 


Bor) II. 


qnewgh ti teep the top end of 20 fees gothing boty tnt 
therefore red lead or glycerine and litharge could be used 
‘om the threads to prevent lockege, ‘This iées worked suse 
cessfully. | 

Several tests were made with boub Il, 
Dest Bos. 1: 

he bond was cherged with 1 pound of Gry coal, Ryo. 
gen was then run in te a pressure of 1900 pounds et room 
temperature, At the end of tro hours the pressure was 2500 
pounds, ‘he temperature rose at the rate of 2° per minute, 
end et the end of one hour it was 300° G, The preseure was Sr 
kept et 2200 pounds to 2500 pounds for three hours, It was 
then allowed to cool to room temperature, and the pressure 
was then 1150 pounds. Tho gas was collected, and vhen it = 
was tested with @ flame it popped like hydrogen. The boub fee 
was opened and exauined; the residue was found to be prate 
tically unchanged except for e slight eoling tendency. 
Test No. 2s 

The besh was recharged with dry coal to whieh nickel. 
chloride end iron oxide had been added te act as catalyste. 
It was charged with hydrogen to a pressure of 1250 pounds 
oe Si meen thee me et ae 
Ce ime. pecsewe wan tpt ‘tobtinen: shhh jbmete aan Sieh , a ; 
pounds for four houres the bent nas then allowed £8 cote 


and the gas collected, ‘The gas hed « tenilency to pop like ) 
hydrogen, but it also bummed for a few moments witha blue 
flame. ‘The residue in the bomb appeered coked a Little but 
otherwise unchanged. 
Tent Noe Ss 3 

In this test the coal was made inte s paste with soup 
used lubricating 031 emi nickel chloride and iron oxide used 
es catalysts, ‘he bomb wes eherged with hydrogen toe press 
sure of 1200 pounds. It was heated end the pressure was 
hept between 2200 pounds and 2560 pounds at a temperature of 
310% 400° for four hours. The welding around the gags pipe 
fitting sprung © leak end spoiled the test. At the leeka 
bleck tarry substance oozed out of the hole. It solidified 
at @ higher temperature than tar but otherwise resembled tte py 
Tent Yio, 43 

sos Sieh wen Cheek 46 the webbing not beatin 
mont and charged as in test 3 for encther triel, fhe inte — 
The preasure wee then held at 2200 pounds to 2600 pounds for 
four hours, ‘The temperature was 350° to 370° GC. The bax 
was allowed to cool, and gae collected, ‘hen tested with 
fire 1t would pop and thon burn for a while with a hot blue 
flame, Tt also gave « test for carbon dioxide with beriun 
hydroxide. The residue in the bomb amelled strongly of coal | 
tar products, but it appeared unchanged. | 


Tost Ho. 5: et 
The boub was recharged with cos] paste end iron oxide, 

copper oxide, baxium carbonate, entinony metel, and sinc — 

Gust wore added for catalysts. Hydrogen preseure at tho 

start was 1190 pounds and efter heating for two hours it 

weed 2500 pounds at a temperature of 540°C, The pressure 

was held et 2200 pounds to 2400 pounds for three hours. adhe ey 

was allowed to cool and pressure wont down to 1070 pow, 

end the gos was Gollected. it smelled of phomol or compl 

tar derivatives. sore hydrogen waa run into the bomb toa 


held at 2200 pounds te 2500 pounds for two and onewhalf 
houre. The bomb seemed to leak a little. The boub was 
allowed to cool again, and the gas coliected, It smelled . 
of coal tar derivatives this tine and burned with a biue 
fleme. The bomb was oponed ani the residue examined. it — 
emelled of conl tar but appeared to be unchanged. | 
Tost Bos G: 

The bomb recharged as in Ho. 5 except nickel chloride | 
was @leo used ss & catalyste It was charged with hydrogen 
to 1140 pounds end wes heated up. ‘The prosaure never exe 
ceeded 1650 pounds. At this point it eterted leaking 
around the two pipe fittings which held the gauge end valve 
end also at the welding of the pipe openings s 


CONCLUSION OF BOMB TESTS 


In these tests the temperature and pressure desired ey 
was reached. 4A pressure of 2200 pounds te 2500 pounds was 
reached several tines anf a temoraturs of 525° to 400°, 
The advantage of this over the pipe test wes that in these 
tests larger quantities could be tested, In these tests 
one pound of coal was used for each rum, 
hed to be repaired or rewelded after every test or soy it 
wes hard to handle, difficult to agitate properly, and ” : 

These tests infieate that a catelyet was needed, They 
also indicate thet the proper catalyst op correct combine — 
ation of catalysts vere not used, The catelyste recomente 
ed by the literature are metal oxides fron the fourth to — 


yet 
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